Novel real-time PCR-based quantitative methods were developed for three GM maize events; MON863, NK603 and TC1507. The quantitative methods were designed to amplify an event-specific segment for MON863 and NK603, and a construct-specific segment for TC1507. We also developed an eventspecific quantitative method for T25. The conversion factor (Cf), which is required for calculating the GMO amount, was determined using three types of real-time PCR equipment; the ABI PRISM 7700, 7900HT and 7500. The quantitative methods were evaluated by blind testing in an interlaboratory study using the ABI PRISM 7700 and 7900HT, and in a multilaboratory trial using the ABI PRISM 7500. The trueness, precision, and limit of quantitation were determined. Although the biases expressing the trueness for MON863, TC1507, and T25 were slightly high, all the data suggested that the developed methods were suitable for identification and quantification of these GM maize events.
Introduction
In many countries, there is widespread use of genetically modified (GM) crops for food and feed. Although these GM organisms (GMOs) have been assessed and authorized by administrative bodies over the past two decades, acceptance of GMOs and the foods containing them remains controversial in many places, including Europe, Korea and Japan. Because of this, many countries require the labeling of all foods containing or derived from authorized GMOs. To develop a labeling system, it is necessary to define an effective threshold level for the unintentional commingling of GMOs. This threshold was set at 5% in Japan (Department of Food Safety, Ministry of Health, Labour and Welfare (MHLW) of Japan, 2001; Hino, 2002; Ministry of Agriculture, Forestry and Fisheries of Japan, 2000) . Protein and DNA-based methods are the two main approaches used for detecting and quantifying the mixing level of GMOs (Ahmed, 2002) . Protein-based methods are generally immunotechnologies with specific antibodies that recognize the proteins produced by the introduced trait genes, such as Western blot, enzymelinked immunosorbent assay (ELISA) and lateral flow strips (Fantozzi et al., 2007; Lipton et al., 2000; Rogan et al., 1999) . For DNA-based methods, PCR-based analyses are commonly used to detect the sequences of introduced recombinant DNAs (r-DNAs). Various PCR-based methods have been developed for the detection and quantification of GMOs Onishi et al., 2005; Randhawa et al., 2009) . In particular, real-time PCR systems using TaqMan ® chemistry are a sensitive and specific analytical technique for obtaining precise numerical information 
Materials and Methods
Maize seeds We used four lines of F1 generation seeds of GM maize. MON863 and NK603 were kindly provided by the Monsanto Company (St. Louis, MO, USA), TC1507 by Dow AgroSciences LLC (Indianapolis, IN, USA), and T25 was provided by its developer.
Oligonucleotide primers and probes The specific primers and fluorescent dye-labeled probes used for real-time PCR are listed in Table 1 . The oligonucleotide primers and TaqMan ® probes were synthesized by FASMAC Co. Ltd.
(Kanagawa, Japan) and Applied Biosystems (Foster City, CA, USA), respectively. The oligonucleotide probes were labeled with 6-carboxyfluorescein (FAM) at the 5' ends and 6-carboxytetramethylrhodamin (TAMRA) at the 3' ends.
Preparation of reference molecules One novel plasmid designated pIIMul4ver2.1 was constructed and used as a calibrator for quantification of MON863, NK603, TC1507 and T25. The specific sequence fragments from four GM events and the endogenous maize starch synthase IIb (SSIIb) gene (Harn et al., 1998) were connected by the overlapping extension PCR method. The specific sequences of SSIIb, TC1507, NK603, T25 and MON863 were amplified using the following primer pairs: 5'-CTCCCAATCCTTTGACATCTGC-3' (primer A) and 5'-tgcgactaacatTCGATTTCTCTCTT-G G T G A C A G G A -3 ' , a n d 5 ' -g a g a g a a a t c g a AT G T-TAGTCGCAACGAAACCG-3' and 5'-ggcttgctggccT-G A G T T G AT T C C A G T TA C T G C C A -3 ' ( p r i m e r B ) , and 5'-ggaatcaactcaGGCCAGCAAGCCTTGTAGC-3' (primer C) and 5'-attcgagctcacATCCCGACTCTCTTCT-CAAGCATA-3', and 5'-gagagtcgggatGTGAGCTC-GAATGTTGTTCTTC-3' and 5'-acctacaaatgcCATGAGA-CAATAACCCTGATAAATGCT-3' (primer D), and 5'-tattgtctcatgGCATTTGTAGGTGCCACCTTC-3' and 5'-TGACCCTACTTGTTCGGATGG-3' (primer E), respectively. The resulting PCR products for SSIIb and TC1507 were mixed and used as a template for PCR with primer pairs A and B. The resulting PCR products were designated amplicon X, SSIIb+TC1507. Similarly, the PCR products for NK603 and T25 were mixed and used as a template for PCR with primers C and D. The resulting PCR products were designated amplicon Y, NK603+T25. Amplicon Y and PCR products for MON863 were mixed and used as a template for PCR with primers C and E. The resulting PCR products were designated amplicon Z, NK603+T25+MON863. Finally, amplicons X and Z were mixed and used as a template for PCR with primers A and E. The resulting PCR products were then inserted into the pUC19 vector. The constructed plasmid was purified and diluted with 5 ng/μL ColE1 DNA (NIPPON GENE, Tokyo, Japan) solution to 20, 125, 1500, 20,000, and 250,000 copies per 2.5 μL, based on the copy number of the et Oguchi et al., 2007) .
GM technology has been applied to maize, a major agricultural crop, and various types of GM maize are currently distributed worldwide. The principal traits of GM maize are herbicide tolerance (T25, NK603, GA21, etc.), insect resistance (MON863, MON810, etc.), and combinations of these traits (Bt176, Bt11, TC1507, etc.) .
In Japan, detection and quantitative methods using realtime PCR of five types of GM maize (Bt11, Bt176, GA21, MON810 and T25) and Roundup Ready Soy (RRS) have been developed and validated in an international interlaboratory collaborative study (Kodama et al., 2009; Shindo et al., 2002) , and adopted as Japanese standard analytical methods (Department of Food Safety, MHLW of Japan, 2001; Japanese Agricultural Standard analytical test handbook, 2002) . One of the features of these methods is the utilization of plasmid DNAs containing both r-DNA and endogenous sequences as calibrators. In response to the increased number of approved GM maize events, the MHLW announced a combinational method for quantification of the Cauliflower Mosaic Virus (CaMV) 35S promoter (P35S) region and a construct-specific quantification for GA21 maize, which has been officially used as a screening method for GM maize (Department of Food Safety, MHLW of Japan, 2001). Recently, a duplex real-time PCR method that simultaneously detects P35S and an event-specific segment of GA21 has been developed (Oguchi et al., 2009 ). This screening method makes it possible to simultaneously detect GA21 and several GM maize events that contain the P35S region. Screening analysis is a useful and practical method, but cannot be used to identify each individual GMO event. Furthermore, the screening method is associated with the possibility of overestimating GM amounts because several GM events have plural copies of P35S regions, and each GM event has an individual Cf value (Kodama et al., 2009; Kuribara et al., 2002; Shindo et al., 2002) . To overcome this, individual GM specific analytical methods are indispensable for the identification of GM events and for correct estimation (Holst-Jensen et al., 2003; Yang et al., 2009) .
We developed analytical methods for three GM maize (MON863, NK603 and TC1507) events and an improved method for T25. We also determined the Cf values for each GM event and evaluated them by conducting a blind test in an interlaboratory collaborative study. The studies were conducted in Japan, Korea, Taiwan, Europe and the United States with two types of real-time PCR instrument (ABI PRISM 7700 and 7900HT). In addition, measurement of the Cf values and blind testing were also conducted in 3 laboratories using another real-time PCR instrument, the ABI PRISM 7500. extension at 72℃ for 7 min. PCR products were electrophoresed on 3.0% agarose gel in TAE buffer and stained with ethidium bromide.
Quantitative PCR TaqMan real-time PCR assays were carried out using the ABI PRISM 7500, 7700 and 7900HT (Applied Biosystems), in 25-μL reaction volumes, with 50 ng of sample DNA, 12.5 μL Universal Master Mix (Applied Biosystems), 0.5 μM primer pairs and 0.2 μM probe (for detection of MON 863 and NK603, 0.1 μM probe was used). Real-time PCR with the ABI PRISM 7900HT and 7500 was performed using the following step-cycle program: 2 min at 50℃, 10 min at 95℃, and 45 cycles of 30 s at 95℃, and 1 min at 59℃. On the ABI PRISM 7700, the cycle number was set at 40 instead of 45. Standard curves were calibrated with the copy number of RMs. In the reaction plate, each sample was quantified in triplicate.
Measurement of Cf value The GM contents of the samples were calculated using the following formula:
GM content (%) = × × 100 Copy number of GM-specific sequence 1 Copy number of taxon-specific sequence Cf
Cf is experimentally determined as the ratio of the copy number of r-DNA to the taxon-specific sequence in the GM plant genome. To calculate Cf values, genomic DNA was extracted from each GM seed, and the copy number of r-DNA and taxon-specific sequences were measured from the extracted genomic DNA. Cf values were determined from the results of 5 laboratories for ABI PRISM 7700 and 7900HT, and 3 laboratories for ABI PRISM 7500. The specific sequence in zSSIIb was selected for the maize taxon-specific sequence.
Homogeneity test Test samples of each GM mixing
SSIIb segment.
Preparation of test samples
Five mixing levels of test samples containing 0.25, 0.50, 1.0, 5.0 and 10.0 % of each GM line (MON863, NK603, TC1507 and T25) were prepared by mixing dried powders of non-GM and GM maize in the manner described previously by Kuribara et al. (2002) . Briefly, washed maize seeds were frozen and ground with a speed rotor mill (Fritsch GmbH, Idar-Oberstein, Germany), and were freeze-dried in a freeze dryer (FDU-1100; Tokyo Rikakikai Co., Ltd., Tokyo, Japan). Simulated mixed samples were then prepared. Plant genomic DNA was extracted from those ground materials using a DNeasy Plant Maxi kit (Qiagen GmbH, Hilden, Germany), with small modifications as described elsewhere Shindo et al., 2002) , and the concentrations of extracted DNA solutions were determined by measuring the ultraviolet (UV) absorbance with a spectrophotometer, the DU7400 (Beckman Coulter, Fullerton, CA). The quality of extracted maize genomic DNA was evaluated by the absorbance ratio at 260/280 nm and 260/230 nm. DNA solutions whose absorption ratios were between 1.7 and 2.0 at 260/280 nm and were > 1.7 at 260/230 nm were used.
Qualitative PCR Amplifications were carried out in a 25-μL reaction volume, with 50 ng of sample DNA, 200 μM dNTP, 1.5 mM MgCl 2 , 0.625 U AmpliTaq Gold polymerase (Applied Biosystems), and 0.25 μM of each primer. Reactions were buffered with the PCR buffer II (Applied Biosystems) and amplified using a thermal cycler, GeneAmp PCR system 9700 (Applied Biosystems) with the following step-cycle program: 10 min at 95℃, and 40 cycles of 30 s at 95℃, 30 s at 60℃ and 30 s at 72℃, followed by a final Quantification for Novel Maize GM Events to remove any laboratories with extreme average levels, as described in the guidelines (AOAC, 2002) .
Results and Discussion
Specificity of PCR systems designed for MON863, NK603, TC1507 and T25 We selected event-specific segments for MON863, NK603 and T25, and a constructspecific segment for TC1507 (Fig. 1) . Event-specific segments were designed to amplify the junction sites between the native maize genomic DNA and the r-DNA of each GM event. For T25, we previously designed and used a constructspecific segment that targets the junction between the pat gene and the CaMV terminator (Kodama et al., 2009; Kuribara et al., 2002; Shindo et al., 2002) . However, as shown in Figs. 1 C and D, during the course of developing a method for TC1507, the segment was also found to be present in the TC1507 construct, meaning that the region could no longer be used for T25 specific detection and quantification. Therefore, we designed a new event-specific segment for T25. The specificities of these designed primers were confirmed by qualitative PCR. No unexpected PCR products were detected using genomic DNAs from non-GM maize, the 8 lines of GM maize, non-GM soybean, RRS, and rice, and wheat and barley (Fig. 2) .
Construction of calibrant plasmid In our laboratory, level for each GM event were divided into 100 sample tubes. Ten DNA samples were randomly selected from the 100 tubes prepared and quantitative PCR was performed twice using specific PCR systems. The calculated copy numbers were then converted into GMO amounts (%) on a weight basis. Homogeneity was evaluated according to a protocol for proficiency testing (Food Analysis Performance Assessment Scheme, 2002) based on the study by Fearn and Thompson (2001) . Statistical analysis indicated that all test materials were homogeneous and met the requirements for the interlaboratory study.
Interlaboratory evaluation The interlaboratory study was carried out as a blind test using the ABI PRISM 7700 and 7900HT, as described previously (Kodama et al., 2009) . Maize genomic DNAs were extracted from the 6 different mix ratios for each GM event: 0, 0.25, 0.50, 1.0, 5.0 and 10.0%. Blind samples were combinations of 5 different concentrations of DNA solutions, which were carefully designed and allotted from the 6 concentrations mentioned above. Experimental protocols were provided by National Food Research Institute (NFRI). Quantitative real-time PCR was performed with primers, probes, Universal Master Mix, and the blind DNA solutions supplied by NFRI. All submitted data were analyzed by Cochran's test in order to remove laboratories with extreme variations and by Grubb's test in order r. takabatake et al. genome. Although comparing the RSD between the results from the ABI PRISM 7700 or 7900HT, and the results from 7500 is not simple because of the differences in sample numbers, the Cf value for T25 with the 7500 was also the largest of the four events, thus suggesting that the analytical results using the T25 method are relatively varied. As our previous method using the ABI PRISM 7700 Shindo et al., 2002) has been adopted in the Annex of ISO 21570 (ISO, 2006) , the 7700 was considered the standard model for our methods. However, we have employed the ABI PRISM 7900HT and 7500 as successors to the 7700 system and to expand the range of choices of instruments (Kodama et al., 2002; Oguchi et al., 2009) . To evaluate the similarities between the 7700 and these two instruments, Student's t-test (α=0.05, 2-side) was performed (Fisher, 1954) . P values of less than 0.05 in Table 2 indicate a statistically significant difference between the Cf values measured by the ABI PRISM 7700 and the other two instruments, which would suggest that the differences in the instruments would affect the measurement of the GM amounts.
Interlaboratory evaluation of the PCR quantification
To evaluate the quantitative methods for the four GM maize events, MON863, NK603, TC1507 and T25, blind tests were performed with the participation of 16 laboratories for the several control plasmids containing tandem insertions of GM-target and taxon-specific sequences for analytical calibrators have been developed Oguchi et al., 2009) . In this study, a novel calibrant plasmid, the pIIMul4v2.1, was developed for MON863, NK603, TC1507 and T25. The pIIMul4v2.1 has five segments: 151 bp of the SSIIb segment, 111 bp of the TC1507, 113 bp of the NK603, 111 bp of the T25 segment, and 111 bp of the MON863 segment. These segments were tandemly connected in this order and cloned into the vector (Fig. 3) . We confirmed that unexpected amplifications were not observed under the present PCR conditions using the pIIMul4v2.1 as a template (data not shown).
Determination of Cf values for ABI PRISM 7700, 7900HT and 7500
We measured the Cf values for MON863, NK603, TC1507 and T25 with the ABI PRISM 7700, 7900HT and 7500 (Table 2 ). The average values from five laboratories for ABI PRISM 7700 and 7900HT, and three laboratories for 7500 were determined as experimental Cf values for the calculation of each GMO amount (%). For each event, the mean values with the three instruments were similar. The Cf values for MON863 and NK603 were closer to 0.5, which is the Cf value theoretically expected from F1 hybrid maize, including a single copy of the transgene per ranges of obtained RSD r and RSD R here were similar to those previously reported for GMO events (Kodama et al., 2009; Shindo et al., 2002) . However, the bias from three events, MON863, TC1507 and T25, particularly TC1507, appeared to be higher than their true values, even when compared with previously reported GM lines (Kodama et al., 2009; Shindo et al., 2002) , suggesting the possibility that when using these quantitative methods, a slight overestimation of the amount of GM mixing levels occurs. The results obtained from the 5% samples were the most important to evaluate and should be acceptable because the threshold level of unintended comingling in Japan is 5%. In our previously established methods for GM maize, the bias values of quantitative results from 5% samples were < 25% (Kodama et al., 2009; Shindo et al., 2002) . In Table 3 , the bias values from 5% samples are acceptable, except for TC1507. The reason why the bias values ABI PRISM 7700, and 15 laboratories for the 7900HT. Participants received primers, probes, and the extracted DNAs from 5 GM mixing levels for each event. The GMO amount (%) in each sample was calculated from the obtained data using Cf values in Table 2 , and then Cochran outliers and Grubbs outliers were removed. Finally, statistical analyses were carried out as described previously (Kodama et al., 2009; Shindo et al., 2002) , and the trueness and precision were obtained. The mean, bias (mean-value, %), repeatability RSD (RSD r ), and reproducibility RSD (RSD R ) at each mixing level and GM line were measured using both ABI PRISM 7700 and 7900HT (Table 3 ). In the results for the ABI PRISM 7700, the values of RSD r and RSD R at the level of 0.25% were both < 28%. At the level of 5.0%, the values of RSD r and RSD R were both < 13%. Generally, larger RSD r and RSD R values were observed for lower GM amounts. The
Quantification for Novel Maize GM Events also conducted via a multilaboratory trial with the ABI PRISM 7500 for comparison with the results from the 7700 and 7900HT (Table 4 ). The trial was carried out with 3 laboratories in Japan. Materials such as primers and probes, and extracted DNAs were the same as for the ABI PRISM 7700 and 7900HT. The values of RSD r and RSD R at the level of 0.25% were both < 26%. A similar trend was observed with the ABI PRISM 7700 and 7900HT in terms of trueness, precision, and LOQ. These results suggest that the analytical results obtained with the ABI PRISM 7500 are comparable to those obtained from the 7700 and 7900HT.
Conclusion
We developed specific quantitative methods for four GMmaize events, MON863, NK603, TC1507 and T25. First, the Cf values for each GM event were determined with three real-time PCR instruments, the ABI PRISM 7700, 7900HT and 7500. It was confirmed that the Cf values of both MON863 and NK603 are significantly different between the ABI PRISM 7700 and the other instruments, indicating that it is necessary to use individual Cf values for each instrument. Next, these analytical methods were evaluated in an interlaboratory study using two instruments, the ABI PRISM 7700 and 7900HT, and by a multilaboratory trial using the ABI PRISM 7500. The results obtained from the three instruments showed similar trends, and similar levels of trueness, precision, and LOQ. From these results, we concluded that these methods are applicable to all three instruments using individual Cf values for each instrument. from TC1507 were high is unclear at present. For application to practical monitoring of comingling of these GM events, further investigation is thus required.
In the results for the ABI PRISM 7900HT, all obtained data showed similar trends as the data obtained with the 7700. The values of RSD r and RSD R at the level of 0.25% were < 26% and < 28%, respectively, and the biases from TC1507 and T25 were also high, but the values were relatively low when compared with those from the ABI PRISM 7700. With regard to the limit of quantitation (LOQ), data below 20 copies cannot be reported with confidence because there was no calibrant below 20 copies. The measurement copies of the 0.25% samples were over 20 measurement copies, except in a few cases for T25, NK603, and TC1507. Therefore, it was estimated that the LOQ for MON863, NK603, TC1507, and T25 were all 0.25% for both the ABI PRISM 7700 and 7900HT.
Blind test using ABI PRISM 7500 The blind test was r. takabatake et al. 
